The diagnostic ability and specificity of interventional bronchoscopy procedures has been renovated in the past decade. The evaluation of abnormal thoracic findings including lung nodules and masses, mediastinal lymphadenopathy, and pleural diseases has been revolutionized using these techniques, minimizing the need for more invasive procedure especially in patients with compromised lung functions.
Introduction
Bronchoscopy has been evolved to improve its diagnostic yield. The recent advances in interventional procedures represent a breakthrough in the 21st century of the respiratory medicine [1] . The advances in pulmonology interventional procedures provide significant improvement of the specificity and sensitivity for diagnosing and staging lung cancer, diagnosing the challenging pulmonary nodules, and solving the mystery of the undiagnosed lymph nodes [2] .
Transesophageal endobronchial ultrasoundguided needle aspiration (EUS-B-NA) EUS-B-NA makes a more thorough assessment of the mediastinum when added to EBUS-TBNA. It permits the diagnosis of paraesophageal mediastinal and lung lesions, which cannot be reached through the tracheobronchial tree and allows access to the lower mediastinal lymph node stations such as station 8 and 9 and subdiaphragmatic lymph nodes [3] .
In comparison with EBUS, it offers an easier alternative for puncturing challenging lymph nodes in certain patients (e.g. stations 2L and 4L) [4] .
Additionally, in patients with compromised lung function, EUS-B-NA is a well-tolerated procedure under conscious sedation using low-dose sedatives. It is associated with less cough and oxygen desaturation when compared with EBUS [5] .
There are multiple obstacles to start performing EUS-B. The most crucial ones are related to knowledge and training, availability of dedicated equipment, additional time, and sometimes different settings [3] .
Recent trials have concluded that rapid on-site evaluation of transbronchial aspirates from hilar and mediastinal lymph nodes enables clinicians to avoid additional biopsy without a loss in the diagnostic yield and reduces the complication rate of bronchoscopy [6] .
Recent navigation technologies and their clinical applications

Virtual bronchoscopy
It is a computer-guided bronchoscopy simulation that provides the same view, angles, and zoom settings as real-time bronchoscopy ( Figure 11 ). The name is given because of the indirect and augmented reality visualization of the tracheobronchial tree from the information derived from the preprocedural computed tomography (CT) images [7] (Figs 1-15 ).
The main advantage of this system over electromagnetic navigation is the lower cost including consumables. It allows for the display of areas beyond a stenosis and evaluation of tracheal injury, endobronchial malignancy, airway lesions in children, foreign bodies in the airway, and postoperative bronchial complications [8] . When virtual bronchoscopy is used with radial probe EBUS for peripheral lung lesions, it improves the diagnostic yield to 94.4 versus 77.8% [9] .
Electromagnetic navigation bronchoscopy
Electromagnetic navigation bronchoscopy (ENB) is a promising option in the diagnosis of peripheral lung nodules, which account for 25-30% of all lung cancers and represent a great challenge in the diagnosis [10] .
The components of the ENB are as follows:
(1) Electromagnetic emitter and tracking board.
(2) Sensor (locatable guide wire).
(3) Extended working channel. (4) CT lung model and computer-based software [10] .
The virtual environment depends on the quality of the CT images; therefore, it is important to plan the procedure in greater detail. Chest CT scan images are first loaded into a computer program that constructs a three-dimensional model (planning phase) [11] .
It creates a magnetic fieldaround the thorax of the patient [12] . The magnetic field in ENB is much weaker than that used in MRI and therefore does not interfere with pacemakers and implanted cardiac devices [13] .
The sensor is usually located at the tip of a flexible cable called a locatable guide that is covered in a sheath and passed through the working channel of the scope (extended working channel). The sensor transfers the information regarding its position, planes, and orientation to a computerbased software [14] .
Yield
In a recent large meta-analysis that included 15 trials with 1033 nodules, the overall diagnostic accuracy was 73.9% and the sensitivity for detecting cancer was 71% [10] . The accuracy improves from 43.7% for nodules less than 2 cm to around 77% for those larger than 3 cm [12] .
Drawbacks and complications
The main complication was pneumothorax, which occurred in 3.1% of patients. The total amount of time involved in the procedure is longer to prepare the planning phase. The high cost of the procedure is a great disadvantage [13] .
Cryoprobe biopsy with semirigid pleuroscope
(1) The obtained biopsy by a semirigid pleuro scope is small and of insufficient depth owing to the lack of mechanical power and the small size of the cup of biopsy forceps. This results in concerns about diagnostic adequacy, especially in patients with thickened pleura [15] . (2) Cryoprobe biopsy in the diagnosis of exudative pleural effusion and pleural thickening during a semirigid pleuroscope allows safe sampling of airway lesions, with bigger specimens, excellent tissue preservation, and high diagnostic accuracy [16] . EUS in comparison to CT in visualization of lymph nodes and great vessels.
YIELD
A diagnosis from cryoprobe biopsy was made in 98.9% of patients [17] .
High-definition+i-scan imaging I-scan image processing includes three algorithms:
(1) HD: high-definition bronchoscopy without surface enhancement (SE)/tone enhancement (TE). Semirigid pleuroscope and biopsy with forceps and pealing.
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Enhanced visualization and improved detection I-scan real-time image processing provides visual enhancement that can improve disease detection.
(1) Surface enhancement mode delineates mucosal structure, tissue folds and accentuates blood vessels.
Figure 8
Biopsy with cryoprobe taken through semirigid thoracoscope.
Figure 9
Narrow Band Imaging. (A) conventional white light bronchoscopy (B) Endobronchial Mucosal affection is obvious using the Narrow band imaging.
Figure 10
EBUS-TBNA Biopsy using the ROSE technique.
Figure 11
Virtual bronchoscopy of normal airway.
(2) TE accentuates mucosal patterns and vascular structures to aid in lesion visualization [19] .
Narrow band imaging
As dysplastic lesions have increased angiogenesis, narrow band imaging can detect early dysplasia. The patterns of submucosal blood vessels seen with this technique are normal pattern, abnormal patterns that are not pathological and known as background noise, or pathologically abnormal patterns, which are the ones targeted [20] .
Optical coherence tomography in conjunction with bronchoscopy
Optical coherence tomography images allow the visualization of cellular and extracellular structures up to 3 mm below the surface and have a spatial resolution of 1-20 μm, approaching the resolution of images produced by conventional histology. A flexible optical coherence tomography probe can be used in combination with a conventional bronchoscope, being inserted through the working channel of the bronchoscope [21] .
Figure 12
Lymphnode map with the lymphnodes grouping zones for prognostic analyses done with the Transbronchial And Transesophageal Fine-Needle Aspiration Using A Single Ultrasound Bronchoscope. BMC Pulmonary Medicine 17 (1) . December 2017.
Figure 13
Ultrasound techniques in the evaluation of lymph nodes.
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Figure 14
Electromagnetic navigation bronchoscopy technique.
Figure 15
Trans-esophageal endobronchial ultrasound-guided needle aspiration (EUS-B-NA).
